INTRODUCTION
============

Primary liver cancer (LC) is one of the most common cancers in 2012, accounting for 9.1% of all cancer worldwide and the second most common cause of death from cancer worldwide[@b1-gnl-14-108] and same in South Korea.[@b2-gnl-14-108] LC mortality rates mirror hepatocellular carcinoma (HCC) incidence rates, reflecting the poor survival of this cancer.[@b3-gnl-14-108] HCC is the most common type of LC accounting for approximately 75% of all LC.[@b4-gnl-14-108]

HCC meets all the criteria established by the World Health Organization (WHO) for performing surveillance on those at risk for developing cancer.[@b5-gnl-14-108] The rationale for conducting the HCC surveillance is that the regular screening of at-risk asymptomatic patients may detect tumors at an early stage when potentially curative treatment can be offered. Patients who were diagnosed with cirrhosis according to the National Veterans Administration clinical practice guidelines and underwent HCC surveillance 2 years prior to the diagnosis, had better health outcomes. Patients who underwent HCC surveillance are diagnosed at an early stage of HCC (Barcelona Clinic Liver Cancer stage 0/A 27.2% vs 11.6%) and are likely to receive appropriate treatment as compared with the no surveillance group.[@b6-gnl-14-108] Therefore most of LC surveillance program targets HCC detection.

The prevalence of hepatitis B virus and hepatitis C virus infections in Asia, well known risk factors for HCC, is higher than Western counterparts.[@b7-gnl-14-108],[@b8-gnl-14-108] Therefore, surveillance systems for HCC are needed in Asia; in addition, Japan and South Korea have created the national program for HCC surveillance. Japan is one of the few countries that established the nationwide surveillance program since 1980, which covered the expense of the patient and used a more stringent guideline (more screening tests and shorter screening intervals).[@b5-gnl-14-108],[@b9-gnl-14-108] The surveillance is conducted every 6 months with ultrasonography (US) and α-fetoprotein (AFP) screening for the early detection of HCC in high-risk patients, such as those with cirrhosis or chronic hepatitis C or B in Japan.[@b10-gnl-14-108] In Korea, the national surveillance program for LC was established in 2003. In this program, repeated applications of diagnostic tests (AFP and US) at 6-month intervals were recommended in patients at high risk for developing HCC, such as men and women older than 40 years of age with positive hepatitis B surface antigen, anti-hepatitis C virus antibody, or underlying liver cirrhosis.[@b11-gnl-14-108]--[@b13-gnl-14-108]

Only a few reports are available to confirm the effectiveness of the national surveillance program. In Japan, the use of active and successful screening and surveillance programs have resulted in a higher proportion of tumors identified at early stages when curative treatments can be applied.[@b5-gnl-14-108] According to follow-up data from the Nationwide Registry implemented by the Liver Cancer Study Group of Japan, the nationwide 5-year survival rate of HCC patients in Japan was 43% and 11% to 15% in the United States.[@b10-gnl-14-108] There is a general consensus among clinicians that LC surveillance in high-risk groups has the potential to significantly reduce mortality.[@b14-gnl-14-108] However, the results of those studies did not adjust the lead time bias, and no studies were available to evaluate the survival benefit of the National Liver Cancer Surveillance Program (NLCSP) in Korea since the program has started.

This study aimed to investigate the effectiveness of NLCSP in South Korea after the adjustments of various confounding factors in the perspective of survival benefit and cost.

MATERIALS AND METHODS
=====================

1. Data sources
---------------

This study used the health insurance claims data, LC surveillance data, and qualification data of the National Health Insurance Service (NHIS). The NHIS has comprehensive data sets for diagnoses, treatments including medications and procedures, surgical history, and prescription records of all health-insured or Medicaid patients visiting the hospitals or clinics; as all Korean nationals are covered by the National Health Insurance (NHI) (97%) or Medicaid (3%), the NHIS data is fairly representative of the Korean population. The national LC surveillance system requires subjects with liver diseases, such as hepatitis B, hepatitis C, or liver cirrhosis, to undergo annual or biannual medical check-up. The surveillance interval lasted for 6 months from 2003 to 2011 and increased to 1 year from 2012 to 2015. However, in 2016, the surveillance interval was returned to 6 months. The LC surveillance data includes the alanine aminotransferase, hepatitis B surface antigen test, liver US, and AFP results of medically checked subjects under the NLCSP. The qualification data of the beneficiaries includes the information on mortality, income level by insurance type (NHI self-employed subscriber, NHI employee subscriber, or Medicaid).

This study was approved by the Institutional Review Board of National Evidence-based Healthcare Collaborating Agency (NECA IRB number: 16-003). The informed consent was not required because the data was provided in a de-identified or anonymous form.

2. Study population
-------------------

Individuals diagnosed with liver-related diseases and LC from 2004 to 2015 were included in this study. Liver-related diseases were defined according to the International Classification of Diseases--10th revision (ICD-10) codes (B18, B18.0, B18.1, B18.2, B18.8, B18.9, B19, B19.0, B19.9, K70.1, K70.10, K70.11, K70.2, K70.3, K70.30, K70.31, K70.9, K73, K73.0, K73.1, K73.2, K73.8, K73.9, K74, K74.0, K74.1, K74.2, K74.3, K74.4, K74.5, K74.6, K75.4, K76, K76.1, K765, K76.6, Z22.5). LC was defined with specific cancer identification codes of V193 and C22. Individuals diagnosed with LC from 2006 to 2010 were identified, and the date of first LC diagnosis was defined as the index date. In order to diagnose new cases of LC, the patients who were previously diagnosed with LC or were previously treated for LC 2 years from the index date were excluded. Of the 3,687,656 patients with liver diseases diagnosed from 2006 to 2010 who underwent the NLSCP, 122,975 were diagnosed with LC. In addition, in order to identify patients eligible for the national LC surveillance, we excluded patients less than 40 years of age who have liver-related diseases, have no liver-related diseases, have not undergone the NSCLP prior to the index date, and have a death record before the index date. Among 122,975 patients, 66,632 newly diagnosed LC patients who were eligible target patients for the NSCLP were finally selected as the study population ([Fig. 1](#f1-gnl-14-108){ref-type="fig"}). The presence and absence of surveillance were determined 2 years prior to the index date. The numbers of patients for the surveillance and no-surveillance groups were 10,527 (15.8%) and 56,105 (84.2%), respectively. In the surveillance group, the number of surveillance received was further divided into the number of times a particular surveillance was given, that is, 0, 1, 2, or more times.

3. Study design and outcome
---------------------------

To investigate the survival effects based on the status of surveillance, the subjects were followed from the index date (i.e., in first diagnosis of LC) to death or last observation date (December 31, 2015). Death was defined as all-cause death based on the date of death registered in the NHIS qualification data. If the subjects did not die on the last observation, this subject was censored.

The clinical effects of surveillance were investigated based on the early detection of LC and mortality rate considering the surveillance status. Early detection of LC was defined as patients who were initially treated with hepatectomy, hepatopancreaticoduodenectomy, or radiofrequency ablation (RFA) after diagnosis of LC.

We analyzed changes in medical costs to investigate whether the surveillance program influences the LC medical expense. We extracted claims data incurred for the period from the diagnosis of LC were to death or last observation. For the subjects of each group, total medical costs, such as physician visits, procedures, and prescriptions, incurred during hospitalization and outpatient days. We calculated the monthly medical costs per patient by surveillance status. Monthly costs were calculated on the basis of 30 days per month. All medical costs were converted from South Korean Won (KRW) into 2016 United States Dollars (USD) at a conversion rate of USD 1=KRW 1,210.5.

4. Covariates
-------------

The baseline characteristics such as age, sex, household income level, concomitant diseases and disability were considered as covariates. Household income level was divided into five categories: The household income levels for each employee and self-employed groups were divided into two groups (less than 50%, over 50%) and Medicaid beneficiaries. The Medicaid program is managed by the Korean government and is a public assistance scheme to secure the minimum livelihood of low-income households and to assist with self-help by providing medical services.

In order to determine the health status 1 year prior to the index date, the diagnosis of concomitant diseases and cirrhosis (ICD-10: K74, K74.0--K74.6, K76.1, K70.2, K70.3, K70.30, K70.31) was taken into consideration. We used the Charlson comorbidity index (CCI) to define the severity of the concomitant diseases.[@b15-gnl-14-108] This index summarizes the information on myocardial infarction, coronary heart disease, peripheral vascular disease, cardiovascular disease, chronic pulmonary disease, rheumatic disease, and renal insufficiency or renal failure.

5. Lead time bias
-----------------

The difference in the time to death between cases diagnosed early and cases diagnosed after symptoms develop exists. Therefore, the survival rate of the surveillance population is overestimated as compared with the no-surveillance population even if the actual surveillance is not effective due to the lead time bias. We used the Schwartz formula[@b16-gnl-14-108] to adjust the lead time bias. In Korea, we used the tumor size in order to calculate the lead time.[@b17-gnl-14-108] The lead times considered in this study were 227, 341, and 455 days for the doubling time 60, 90, and 120 days, respectively. The calculated lead time was considered for the subjects who were positive for surveillance. The length-time bias in direct was adjusted using various tumor doubling times, which may represent tumors with various growth rates, for the calculation of the lead times.

6. Statistical analysis
-----------------------

The baseline characteristics of subjects considering their surveillance status were descriptively summarized. To compare the incidence of early LC based on the patient's surveillance status and the number of surveillance, the odds ratio (OR) for the occurrence of LC was calculated using the logistic regression model.

In order to compare the mortality difference based on the surveillance status and number of surveillance, the cumulative probability curves derived from the Kaplan-Meier estimates and Cox proportional hazards model were used. The significance of the Kaplan-Meier curve was tested using the Renyi or log-rank test based on the satisfaction of the proportional hazard assumption. The model was also designed to account for the lead time and all confounding variables including sex, age, cirrhosis, disability, CCI, and income level.

To compare the medical costs based on the surveillance status, a generalized linear model (GLM) was used to compute for the total medical costs considering the follow-up. All analyses were performed using the SAS version 9.4 (SAS Institute, Cary, NC, USA), and the proposed p-value was 2-sided with a significance level of 5%.

RESULTS
=======

1. Baseline characteristics
---------------------------

In the surveillance group, the average age was slightly younger (60.7±9.5 years old vs 61.3±10.9 years old), majority of the subjects were males (76.7% vs 74.9%). The surveillance group had more Medicaid patients (16.1% vs 8.4%) and longer median follow-up period (39.8 months vs 18.6 months). In the no surveillance group, the CCI scores were higher (5.6±2.4 vs 6.1±2.5), whereas the percentages of cirrhosis and disability were lower (63.6% vs 59.0% and 19.1% vs 16.9%) ([Table 1](#t1-gnl-14-108){ref-type="table"}).

2. Early-stage LC detection rate for patients in surveillance
-------------------------------------------------------------

After adjustments of the demographic, social, and clinical information, the odds of early-stage LC detection was 1.82 (95% confidence interval \[CI\], 1.73 to 1.93) times higher among patients who underwent the NLCSP once in the previous 2-year period than those who did not undergo the surveillance. The rate of early LC detection was 2.58 (95% CI, 2.27 to 2.94) times higher among patients who underwent NLCSP twice or more in the same period than those who did not undergo the surveillance. In addition, lower income level patients had a lower early LC detection rate. The ORs for Medicaid recipients and NHI employee subscribers with over 50% income were 0.59 (95% CI, 0.54 to 0.65) and 1.13 (95% CI, 1.07 to 1.19), respectively, as compared with the reference rate of the NHI self-employed subscriber of \>50% ([Table 2](#t2-gnl-14-108){ref-type="table"}). The surveillance impact on early detection was not different among income groups ([Supplementary Table 1](#s1-gnl-14-108){ref-type="supplementary-material"}).

3. Risk of mortality for patients in surveillance
-------------------------------------------------

The survival probability of the surveillance group was statistically higher throughout the entire follow-up period (p\<0.0001, Renyi test) as compared with the no-surveillance group. Mortality increased in the no-surveillance (65.8% vs 75.8%) group than in the surveillance group during the follow-up periods. Kaplan-Meire curve also showed that survival probability was higher in surveillance group after the adjustment of the lead time bias ([Fig. 2](#f2-gnl-14-108){ref-type="fig"}).

In the Cox proportional hazards model adjusted for baseline characteristics, hazard ratio (HR) for mortality was significantly lower in the surveillance group as compared with the non-surveillance group (HR, 0.77; 95% Cl, 0.75 to 0.79) ([Table 3](#t3-gnl-14-108){ref-type="table"}, [Supplementary Table 2](#s1-gnl-14-108){ref-type="supplementary-material"}). After categorization of surveillance frequency for the previous 2 years, patients who received more frequent surveillance showed trends for lower HR for mortality. After adjusting the lead time to 227, 341, and 445 days, the mortality risk of the surveillance group remained decreased ([Table 3](#t3-gnl-14-108){ref-type="table"}).

4. Total medical costs for patients in surveillance
---------------------------------------------------

The total medical costs during the follow-up period after the LC diagnosis were USD 4,683 (standard deviation \[SD\], 31,090) per patient for the surveillance group and USD 6,814 (SD, 35,909) for the non-surveillance group ([Supplementary Table 3](#s1-gnl-14-108){ref-type="supplementary-material"}). The adjusted cost per day based on the GLM was lower in the surveillance group. The cost estimates of the surveillance group based on the GLM was 0.74 (95% CI, 0.72 to 0.76) times less than those of the non-surveillance group after adjustments of the demographic, social, and clinical information ([Table 4](#t4-gnl-14-108){ref-type="table"}).

DISCUSSION
==========

Due to the lack of concrete evidence regarding the LC surveillance, further studies should be conducted in order to examine the effectiveness of the LC surveillance on the reduction of mortality. Therefore, in the current study, we investigated the survival outcome of LC patients who received the surveillance program from the time it was implemented in South Korea. The mortality risk of patients who underwent the surveillance program once 2 years prior to the diagnosis of LC was 22.0% lower (HR, 0.78; 95% CI, 0.76 to 0.80) as compared with the patients who did not participate in the program. Our result is consistent with the previous results showing the survival benefit of the recipients of surveillance in the national or private setting. HCC patients who underwent surveillance prior to the diagnosis had a smaller tumor size,[@b18-gnl-14-108],[@b19-gnl-14-108] earlier Barcelona Clinic Liver Cancer tumor stage,[@b20-gnl-14-108],[@b21-gnl-14-108] received frequent surgical therapy,[@b20-gnl-14-108] and had a better overall survival than those without surveillance.[@b18-gnl-14-108],[@b20-gnl-14-108]--[@b22-gnl-14-108]

The time of survival was calculated from the point of HCC diagnosis. Data were censored at the date of death or last day of follow-up. The lead-time, which is the length of time between detection and death, was adjusted as the survival on the surveillance group can be overestimated due to the early diagnosis of HCC. This lead time bias is one of the potential limitations of various observational studies, and statistical techniques used to adjust the lead time bias were performed in this study as well as in seven earlier observational studies.[@b19-gnl-14-108],[@b22-gnl-14-108]--[@b27-gnl-14-108] In four studies,[@b22-gnl-14-108],[@b24-gnl-14-108]--[@b26-gnl-14-108] the Schwartz formula[@b16-gnl-14-108] was used, whereas the remaining studies[@b19-gnl-14-108],[@b22-gnl-14-108],[@b23-gnl-14-108],[@b27-gnl-14-108] used Duffy's approach.[@b28-gnl-14-108] In the study of Wong *et al*. (2008),[@b26-gnl-14-108] the survival advantage of surveillance disappeared with assumed tumor doubling time of ≥ 120 days and Tanaka *et al*. (2006)[@b24-gnl-14-108] reported the survival advantage of surveillance disappeared with 150 days of doubling time. In our study, the survival benefit decreased with doubling time ≥120 days but survival benefit was still significantly higher in surveillance group, and it is consistent results with another Korean study.[@b22-gnl-14-108] Most guidelines (American Association for the Study of Liver Diseases,[@b29-gnl-14-108] European Association for the Study of the Liver,[@b30-gnl-14-108] and Asian Pacific Association for the Study of the Liver[@b12-gnl-14-108]) recommend a 6-month interval in target population, considering that the tumor volume doubling time is approximately 120 days. Based on the available data on HCC tumor doubling times, approximately 40% of HCC have a tumor doubling time of less than 90 days.[@b27-gnl-14-108] Nevertheless, this is controversial[@b31-gnl-14-108] and further research is needed to evaluate the HCC tumor doubling time, to identify possible factors associated with slow and fast growing tumors, and to define the impact of this information on surveillance strategies.

In this study, Medicaid patients with lower income has slightly lower surveillance rate -which was consistent results with previous study[@b13-gnl-14-108]--but has much lower probability of early cancer diagnosis and higher mortality rate than insured payer. Patients receiving regular surveillance were more likely to have higher incomes than those who did not receive surveillance.[@b32-gnl-14-108] Although they have received surveillance, income is significantly associated with disparities in the HCC stage at diagnosis and treatment received. Thus, the disparities of survival outcome evolved from those issues. Follow-up evaluation after an abnormal US and AFP screening requires a diagnostic imaging with contrast-enhanced computed tomography or magnetic resonance imaging to confirm the diagnosis. The delays in follow-up evaluation are concerning given an approximate tumor doubling time of 90 days for HCC.[@b33-gnl-14-108] Medicaid patients fail to follow up abnormal test results, and surveillance process failures contributed to more advanced tumor stage and poor health outcome. Further studies are needed to assess the impact of delayed or lack of follow-up evaluation on HCC outcomes in the clinical practice.

This study also considered the economic aspect of the surveillance. Even though the total medical costs for the surveillance group were higher, the costs per follow-up day were less as compared with the no-surveillance group. The medical cost for the surveillance group was less compared to the non-surveillance group after adjustments of demographic, social, and clinical information. This may be explained by the fact that longer survival due to the early detection by means of surveillance leads to the higher total costs, but lower costs per follow-up day. The medical cost-effectiveness study to compare the costs and survival benefit would answer the economic benefits of the national surveillance program.

This study has several limitations related to the data source. First, the NHI claims data only includes partial information on the clinical factors. This study aimed to identify whether LC surveillance is effective in diagnosing LC at an early stage and improving survival outcomes by providing appropriate treatment. However, due to the limitations on NHI claims data, LC patients were defined based on the diagnosis code information available in the NHI claims data and the LC stage could not be classified. This may cause over-estimation of the number of patients diagnosed with LC and potentially affect the diagnostic accuracy and early detection. To overcome this problem, early stage LC was defined as LC patients who received treatment such as surgery or RFA that is the mainly used in the localized stages of LC. Furthermore, in this study as this affects both the surveillance and no surveillance groups, this limitation is unlikely to significantly affect the results.

Second, if the patients received a private medical checkup for LC, those procedures were not detected in this study, because we used the NHI claims data. However, the opportunistic cancer screening may not allow much impact on the study results because it may affect either the surveillance or no-surveillance group ([Supplementary Table 1](#s1-gnl-14-108){ref-type="supplementary-material"}). Furthermore, there may be a self-selection bias. People who are voluntarily screened for cancer are more likely to be healthier than those who are not.[@b34-gnl-14-108] However, in this study, the distribution of concomitant diseases, cirrhosis and disability was comparable among the two groups and this result did not support that the possibility of self-selection bias.

Lastly, it is necessary to adjust the lead time bias when analyzing whether the LC surveillance improves the survival rate of LC patients. To adjust for lead time bias, the accurate doubling time of Korean patients with LC is required. However, as mentioned above, this information was not available; to overcome this uncertainty, we conducted a sensitivity analysis by varying the doubling time from 60 to 120 days. Length time bias was not fully considered due to the lack of data. Despite these limitations, this is the first study to analyze the impact of the national LC surveillance program in patient's health and economic outcome. Furthermore, the results are highly generalizable because the study includes all participants and LC patients diagnosed.

In conclusion, this study highlights the survival benefit in patients who underwent the national LC surveillance program and the need for continuous improvements on the national surveillance program in Korea. To meet the purpose of surveillance and to maximize the effect of surveillance, the public health's efforts to encourage the surveillance participation rate for reducing significantly cancer mortality would still be required.
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###### 

Baseline Characteristics of the Surveillance and No Surveillance Groups of Eligible Patients Newly Diagnosed with Liver Cancer

                                               Surveillance, no (%) (n=10,527)   No surveillance, no. (%) (n=56,105)
  -------------------------------------------- --------------------------------- -------------------------------------
  Sex                                                                            
   Male                                        8,071 (76.7)                      41,994 (74.9)
   Female                                      2,456 (23.3)                      14,111 (25.2)
  Age, mean±SD (min, max), yr                  60.7±9.5 (31, 93)                 61.3±10.9 (33, 98)
   \<50                                        1,381 (13.1)                      9,029 (16.1)
   50--59                                      3,398 (32.3)                      16,778 (29.9)
   60--69                                      3,769 (35.8)                      16,395 (29.2)
   70--79                                      1,761 (16.7)                      11,158 (19.9)
   ≥80                                         218 (2.1)                         2,745 (4.9)
  Level of income based on type of insurance                                     
   Medicaid                                    1,695 (16.1)                      4,702 (8.4)
   NHI self-employed subscriber                                                  
    ≤50%                                       1,241 (11.8)                      8,495 (15.1)
    \>50%                                      1,776 (16.9)                      11,661 (20.8)
   NHI employee subscriber                                                       
    ≤50%                                       2,657 (25.2)                      11,697 (20.9)
    \>50%                                      3,158 (30.0)                      19,550 (34.9)
  CCI, mean±SD (min, max)                      5.6±2.4 (2, 16)                   6.1±2.5 (2, 21)
  Cirrhosis                                    6,696 (63.6)                      33,096 (59.0)
  Disability                                   2,005 (19.1)                      9,470 (16.9)
  Follow-up, median (Q1, Q3), mo               39.8 (9.5, 65.1)                  18.6 (3.9, 59.5)

min, minimum; max, maximum; NHI, National Health Insurance; CCI, Charlson comorbidity index.

###### 

Multivariable Logistic Regression for Early Liver Cancer Diagnosis

                                          Surveillance, OR (95% CI)   Frequency of surveillance, OR (95% CI)
  --------------------------------------- --------------------------- ----------------------------------------
  Surveillance                                                        \-
   No                                     Reference                   
   Yes                                    1.90 (1.80--2.00)           
  Frequency of surveillance               \-                          
   0                                                                  Reference
   1                                                                  1.82 (1.73--1.93)
   ≥2                                                                 2.58 (2.27--2.94)
  Sex, male vs female                     0.95 (0.90--1.00)           0.95 (0.90--1.00)
  Age, yr                                                             
   \<50                                   Reference                   Reference
   50--59                                 0.98 (0.92--1.04)           0.98 (0.92--1.04)
   60--69                                 0.86 (0.81--0.91)           0.86 (0.81--0.91)
   70--79                                 0.51 (0.47--0.55)           0.50 (0.47--0.55)
   ≥80                                    0.15 (0.12--0.19)           0.15 (0.12--0.19)
  Cirrhosis, yes vs no                    0.88 (0.84--0.92)           0.88 (0.84--0.92)
  Disability, yes vs no                   0.83 (0.78--0.88)           0.83 (0.78--0.88)
  Charlson comorbidity index              0.88 (0.87--0.88)           0.88 (0.87--0.88)
  Income                                                              
   Medicaid                               0.60 (0.55--0.66)           0.59 (0.54--0.65)
   NHI self-employed subscriber (≤50%)    0.73 (0.67--0.78)           0.73 (0.67--0.78)
   NHI self-employed subscriber (\>50%)   Reference                   Reference
   NHI employee subscriber (≤50%)         0.92 (0.87--0.98)           0.92 (0.86--0.98)
   NHI employee subscriber (\>50%)        1.13 (1.07--1.20)           1.13 (1.07--1.19)

Results were obtained from logistic regression analysis.

OR, odds ratio; CI, confidence interval; NHI, National Health Insurance.

###### 

Cox Proportional Hazards Regression for Mortality by Surveillance Status Adjusted for Lead Time Bias among Liver Cancer Patients

                               Crude HR (95% CI)   Adjusted HR (95% CI)[\*](#tfn6-gnl-14-108){ref-type="table-fn"}
  ---------------------------- ------------------- -----------------------------------------------------------------
  No adjustment                                    
   Surveillance, yes vs no     0.73 (0.71--0.75)   0.77 (0.75--0.79)
   Frequency of surveillance                       
    1 vs 0                     0.74 (0.72--0.76)   0.78 (0.76--0.80)
    ≥2 vs 0                    0.68 (0.63--0.73)   0.70 (0.65--0.76)
  227 Days                                         
   Surveillance, yes vs no     0.79 (0.77--0.81)   0.82 (0.79--0.84)
   Frequency of surveillance                       
    1 vs 0                     0.78 (0.76--0.80)   0.82 (0.80--0.84)
    ≥2 vs 0                    0.73 (0.68--0.79)   0.76 (0.71--0.82)
  341 Days                                         
   Surveillance, yes           0.79 (0.77--0.81)   0.83 (0.81--0.86)
   Frequency of surveillance                       
    1                          0.79 (0.77--0.82)   0.84 (0.82--0.86)
    ≥2                         0.76 (0.7--0.81)    0.79 (0.73--0.85)
  445 Days                                         
   Surveillance, yes           0.81 (0.79--0.83)   0.85 (0.83--0.87)
   Frequency of surveillance                       
    1                          0.81 (0.79--0.83)   0.85 (0.83-- 0.88)
    ≥2                         0.78 (0.72--0.84)   0.81 (0.76--0.87)

Results were obtained from Cox proportional hazards regression analysis.

HR, hazard ratio; CI, confidence interval.

Adjusted for age, sex, cirrhosis, disability, Charlson comorbidity index, level of income.

###### 

Medical Cost Rates by Surveillance Status among Liver Cancer Patients

                                          Cost rate (95% CI)
  --------------------------------------- --------------------
  Surveillance, yes vs no                 0.74 (0.72--0.76)
  Sex, male vs female                     1.18 (1.15--1.21)
  Age, yr                                 
   \<50                                   Reference
   50--59                                 0.96 (0.93--0.99)
   60--69                                 0.95 (0.91--0.98)
   70--79                                 1.04 (1.00--1.08)
   ≥80                                    2.00 (1.88--2.13)
  Cirrhosis, yes vs no                    0.97 (0.94--0.99)
  Disability, yes vs no                   1.00 (0.97--1.03)
  Charlson comorbidity index              1.26 (1.26--1.27)
  Income                                  
   Medicaid                               1.08 (1.03--1.13)
   NHI self-employed subscriber (≤50%)    1.18 (1.13--1.22)
   NHI self-employed subscriber (\>50%)   Reference
   NHI employee subscriber (≤50%)         1.03 (0.99--1.07)
   NHI employee subscriber (\>50%)        0.92 (0.89--0.95)

Results were obtained from generalized linear model analysis.

CI, confidence interval; NHI, National Health Insurance.
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